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m m ^ - n ># # t & ^ t it ^ * ° it & > ^ 

& IS - m % ' * ^ -L >5L # _L ^ *p >f| it- 'I± ^ - 166- & >i 

^ a s. .% % jsl a # m m ° ' tf & ^ ir «fe - & 4 ji 

HP ii ^ #. & M K £ & t % /fc - # # d « # & - T t ° 

& ^ . ' # # it 'ft # £'J ^ Jfc ># W & # _L ^ ^ #) & j& — JJt 

iU # 0 H * & ' # ^ # I'J li^i # H & a # # - m ^ $ 

# ° .lb ' ^ m # t ^ ^ fofr m m **■ ff> & - m € B a B 

^ >f & - t : S- € £ sk m ^ — % % M ' u # %> - J- t ° 

- ( -) ' - ft <R 4 ffl : f lg i > 
( i.-) * ^ £ ft £ ffl 4L it ft * life ffi 18, W : 

] o o ~ L ^ ; 

i o i ~ * ¥i 4t % ; 

~ " ISSFiiy? (¥5Tii£ : method of forming bottle-shaped trench capacitors) 

» 

A method of fo r mi rig a b o t tie - shaped t re n c h 
capacitor. A conductive layer surrounded by a 
doped layer is filled in the lower trench of a 
substrate. A conformable oxide layer is deposited 
over the substrate and the upper trench. Heat 
treatment is performed on the substrate to form a 
doping region in the substrate adjacent to the 
doped layer to serve as a bottom plate. The oxide 




l o 2 - H 4b ^ ; 
103- f- ^ ^ ; 

I o 5 - k ; 
10 6- it ft & ; 

ill - a a ^ t € & ; 
1 12* - m m & & >t ; 

H3~ a ^ # ; 
1 14' - 4a # # a a B ^ M : 
116" - Yr f > ; 

I I 8 - _l t # ; 

119 - m ^. & # % % ° 



- ; ^^.#^^5- (#a^^g^ : METHOD OF FORMING BOTTLE-SHAPED TRENCH CAPACITORS) 

layer is anisotropically etched to form a collar 
oxide over the sidewall of the upper trench. The 
conductive and. doped layers are successively 
removed using the collar oxide as a mask to expose 
the. doping region. Subsequently, the exposed ■ 
doping region is partially etched to create a 
bottle-shaped trench. Finally, conformable rugged 
polysilicon and capacitor dielectric layers are 
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successively formed on the lower bottle-shaped 
trench and then fill, a conductive layer to serve as 
atopplate. 
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jitfc. 
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s. > &wnw (i) - • 

#- ^ % m - m. if % & %L.f. *kJT & - # #j & 

# 08 ^ - * -f ia 'It It £ ^ ?fc ^ ^ # € S- (bottle- 

shaped trench capacitor) ^ f 5i ,^ ji: ° 

[ ft m &.m ] 

S.fia te.ffi ^ 4 f - ft t& 'It It £ t ' % % fit # 

^ §£. 'ft- It (dynamic random access memory, DRAM) 'IS 

■ S- fi ' # * p& ^ % M ,$l # ( ?p f ^ ) 1% — & *jt #7 f «Sj # 

& ° f n #t # t # 4l # * « t^/f ; t & 
4* ft ^ A *& & #; f ^ € t •& m -;k £ ° 

Fit * : *■ 4 It ft « t& if Hi ¥ «S * 4 Sf-.fft it # A 
-t « H: m .ft € & 5k % ' & J? fa & Jk ' la 'It ft t f& 'It £ it 

(memory cell) ffi' & J&'fc m ^ ®r & /J? i& U % ife 

S- * f a 'It # it ffij & & # & - <§. is] ^ ' iz 'It it t S 
-3L t & ^ & & Z- ^ S 3* # £ ^ #J % # 0 

' *K ffo > 4. K. -f h% & i-th & 4b #j 'It /X T ' % H F4 & # ^ 
§£, 'It ft t #J ^ # #t # J£ "jft € % (trench storage node 
capacitance ) ^ Bi ^ m >h r S *t ^ 15: ^ fa U % % 
m # 1 1 -It # ^ *f 60 # f^lil » § f g| .it ^ ^ ^ if ira.ti? 

i at a # ^- te. 'it is ^ m # t 60 ^ h n fa im % 

_t ^ # ^ - # i 4 ^l 3 ^ M # ^ 'fb 
(selective oxidation ) ^ - *f ^ ^ ^ >t a ^ tf .j* # 




Z. T -f $P it # & 6k £'J a A! 

u m fa & & M ft, \b 



S. - &mvLW (2) 

_h -f # & ' 

^ _L ^ 3P" 60 ife '551 * *f 0 W ^ f < ' -f- 

A - * *f ft. ' & * # «. ^ *K ^ t* 4 * « -SL' * # ^ j& 4t 

M - % Ab t * & a a a ^ t ^ A ^ <b yf * #v fa J_ i& $L ^ # ' 

t * £ ^ 3* # I* ' ^ afr ^ H ^ & * af Pli Ml * # M 

m & & ° n it%$r- m. um in ^ at, 60 & ^ & 

# f & 60 3r ° J5 *b -'^ 7 SI it T - * ft i & 'It- It f5 51 60 




rfij <N 

M it 



# if M ^ •# € S- < € * ^ jfe 
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Jl 


i4 4L S 


60 








it 3r 
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7t ' Hi 






7& 





ii 60 m> n n 



% ffl - #L ^fb >t >^ ^ j-X |SJ af 
^ T I S (buried plate ) 

*a M 60 41 B a a ^ >t ' # a it - 



# if 



^ ^ f. 



i|A-|-|t| - ll-|f It - * # # £ #r & 
# ♦ ' ^ & ^ Ji A . # Ji -f *p i'l M 'l± & A - m & M a ft 1 
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jl '> &mttw (3) • 

% % % j% jsl & # & m. ° \k ' n &m t -m - & A n. a &\ 

m i£ * # & % 4- & J& t ^ /& - # ^.H W^^-SA^Tf 

^ - # ^ ' # f ft' '14 # £'J *8 ^' # Ji £p #i ^ ^ $ 

- ^ 1 ' ji # # * 31 ffl # #4? a tfc 4 

n n- a # # % u m & - u m # ° 5: ' i ^ m '# T 

-f # J'lJt m ^ - *E '*£ it aa M A - f f- ^> t # it 4 

a - I ^ f I | « & - i t # - * t ' Ji it * H & & 

# ft jfe. $l it # ° * t - I - ^ | i > A lsf f * °r & # 

# #J ?1 a B H ^ # ° 

. # ' -fc ^ & U m # & V % '4l ' Jt ^ # # m - a *a # 

# (gas phase doping, GPD ) |S tMI ° 

t ■ 

# * ' $ - n- 1 * & a ^ - * # m m & - 

*t # ^ 3& ( ASG ) « IE ^T^'ira-^^^Sta 
(tetraethyl orthosilicate, T E 0 S ) T 5 /? ff> j& ^ #l 4b #7 ° 

# ^ - ^ ^ 4 3£ ffi ^ ^9 0 0 °C J'Jl 100 °C ^ II IS ° 

JS, It ^ % m _L it S ^ V # # ft ^ t* ' 

T^#^^^5f«fe #j ' it s& ^ m w w ^- ' ^ # & ft m & 

} 

T ■ 



[ t % if s£ 1 

« t s& ^ i a i h a tg, % m t m m. ^ * # 

S- ^ f it 3" it ffl.^ — t£ 'ft- ^ S. ' 0>J*nDRAM-° 




1 



3L - &mi±m (4) 

Hr & ' tf ^ as % l a Bl » & 4& - & ^ 1 0 0 > #'J -ka - ^ ^ 
^ • & ^ 1 0 0 * t& _L % & - f. ^ M 1 0 3 ° 4? m'f ft ' 

>f 1 0 3 *r # - >f ft 4b ^ # 1 0 1 M - # # #J It 4b ^ ■ 
1 0 2 ;'/r & & * £ t ' # ft 4b ^ >f 1 0 1 tf] M- m 0 0 J£ ( A ) 
A £■ ' J. * ^ /& 3" & & ft 4b * ft ^ ° It 4b ^ 

i o 2 ^ # & #j & i o o o M 2 o o o m %i m > j. *«i « 4& m 4b ^ 

IL 3* & ' a jz. & ^ C S i C 1 2 H 2 ) ^ 4 i ( NH 3 ) ^ M 

M *f # m & °. & ¥ ' H & f *d & # ^ & i-j U m M 

10 3 til # *c 03 a » #^^^^ 1 03 4^^ *k £'J,f- ' ife # 
0 % fa -gi g,j §_ ^ , 4 a Bl )jg m ^ # £'J ( reactive ion 
etching, RIE ) ' # -*J £ ^ ># 1 03 ^ ^ a T ^" ^ & ^ 100 .nj 
^ & H *t * # ° . itb A > 4 T ffi 4b » A > \% & - * #104 4t 

• & T * ' tf #- A?, ^ 1 b i ' ' T it # *'J. ffl & * |L a- S£ 

(buffer hydrofluoric acid, BHF ) % fa ''14 *k ^'J ft 4b 
^ ^ 1 0 1 M. - St ^ m ^ " ^ 1 5 fj 4 0 ^ ( A ) tf] $1 m ' 
« ^ ^ - co ?& 41 0 5 » # ^ ' ^ ca 4 ^ it 4b 1 0 6 » itb 
H 4b ^ 1 0 6 4& ffl a 4^ It ^ ft 4b ^^101 ^ ^ ^ « f. U t -t 

li S'J ' ^ 4b Jk 1 0 2 ^ ^ '14 Pf- 4& ffn *J ^ ° < ^ ' 
# * f ^ 4i >vX ffi %l #r ' #i 4b # ^§ >Z ^ (chemical 
vapor deposition, CVD ) - £ f- ^ ^ 1 0 3 Ji &. ^ 4t 1 0.4 1*3 
^ ®. J'll a <|4 f ^-4#i^tl08 = ^^f ?U?J t ' itb * # 

^ >§ 1 0 8 "ST ^7— # # «t ^ ft 4b ^ ^ ^ «t # # ^ ^ ^ 
(-arsenic silicate glass, ASG) ' ^#^^200 5-1400 




i * (5) 

# T & ' tf # as in c 51 # & f £° ^ ^ & #f , m 

CVD ' £ Jlr # # >t 1 08 _L ^ $ - % % J% ( ^ 'it ) « #J - 

#'J £° 4b ^ M 0 (chemical mechanic polishing, CMP 

) ' J£ ^ ># 103 X ^ ^ #j ^ M & & >f 108 > a £ 

& # 1 0 4 t n^r^ltHi * #10 4 #J & ^ g T ■ 

^ ^ JL # $t ^ 1 0 8 ' ° . t ' ® # M j£ # 1 0 4 t # • 3f f f 

5. - -et £ 3H & ' ( in ) 1 a.^L ?f 4tl04 T -f 

§ T ^l 5 ^ f f 1110 ° 

# T ^ ' tf # as ^ 1 d K • a % % M 1 1 0 -ft ^ -f- & # ' 
& #j &r ^ t * 1 1 0 _L -ft m # & % 10 8' > a £. m # 1 04 T 

@ T IS f- € # 1 10 m ^ # II k 108" ° # ^ ' #&f. 
£ a >ft 3t & #r 5 ^7 ^g, Ml 4b # >ft (low-pressure 
CVD, LPCVD ) - £ J?L ^ # 1 0 3 _L &. * # 1 0 4 Ji -f ft ^ © ;f 
a ^ & - *E # 1 1 2 - If f IllOilrtil 

10 8" v *b 4 ' m>&ft\\2 rs S-&-kwZ*.&.ty&% 

(tetraethyl orthos i 1 i cate, TEOS) ft J$ & ^ ^ 4b ^ ' ■ 
.J- £ ^ £ £100 $'] 3 0 0 J£ #j fa IS ° 

# ^ ' 1-;&100 ^ $L - & ^ S ' £t # * # # #'10 8" 

t #J # #L 7t "t ' #1 ^ D ' ^ ^ ^ HP ii ^ ^ It 1 0 0 t ffij ^ 

* 

^ - # # d 1 1 1 ■-. itb # # HI 11 # f ^-SA^T I # 
(buried bottom plate) ^ ffl ° i f ^ t ' ^ 4 ^ 
6^ >^ 5. £9 0 0 °C $'J 1 1 0 0 °C m M ' ft & & i£ & #) £ 1 0 5 0 , 
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R * ^mttm (6) 
°c « 

. m T * ' tf # as # 1 e ' ffl ' . J$ * # ^ ft ** I'J - #J ^ ^ 
$1 £fc -f #J (reactive ion etching, RIE) > Rfc- ^ ^ 
>§ 103 -Ji ^ ^ ^ #104 & -gp ( ^ f y# 1 10 _L 3" ) ^m^M 
112 > a #1 04 i -f £MM % M A - i% m (collar) 

>f 11 2'- it it ^ € >t 1 1 0 ^.tf # It >i 108" - . 

# T • tf #- as % i f ffl , #ij ^ K S£L >§ 1 1 2- ft h 

& a tf<L Pf* 4tr ^ % J% 1 1 0 >SL * # 0 % 1 08" ifij E it} ##(1111 
4t ® ° lif Jfe iH t ' & # * It # I'J ^ F&r ># #10 4 t #J 

# f: 4 1 10 • # £ # >J m ft fa 11 Sit (vapor 
hydrofluoric acid, VHF ) -fe- |& * # & 108" & |sj 

# *'J ffl ^ i i€ & # 112' ft % ^. $L it # ft 44 *fc $|. ' V 
& ft fL % 4t ( NH 4 OH ) ft A %k n M ' w # ^ li S-] S * # # 

# H I 1 0 ffn # - J& .3? & I, A #J $L ^ fifr 1 1 3 - 

# ^ > # * f >Z %k $L ffi ' iH ^LPCVD > £565 °C M 

5 8 5 °C tf) /& -S: & T ' £ f- & >fc 1 0 3 Ji ^ & jfc M >f . # 1 1 3 ft 
i * )'S 1 -ft f i - It II t a B a ^ (rugged polys il icon) M 
114' & M -f ^ & (hemispherical grained 

si 1 icon, HSG ) « ^ a Jf ^ i£ A ^ T f ^111 ^ i * 0 
^ ' # M ?I a a H ^ ># 1 1 4 t - Il fa # # ( gas phase 
doping, GPD ) > W If i f # J| 1 ,€ f yf 1 1 2' # # # 

tfi il b% # m 1 1 4 4l f a i ^lii • ■ ft £ ' ig « n * lpc vp ^ 

*l M il s% J% 1 1 4 Jl J-IM it <f± ^ ^ - 1> t M 1 1 6 > m & # n ^ 
9l it % > ^ 4b / |L -ft ^ ( NO ) 4 yf - ^ ^ / Il 




3- > &W?fLW (7) 

4b / ft 4b ^ ( ONO ) 



a? 



CVD 



T * ' tf # as H 1 g K > # A S tfu # & 4 
^ ^ ^ # 1 0 3 -t 3r ^ # f ^ ( ^ Hr'^ ) ' #'J ^ # 



# #J ^ a S H # ># ' it ^ ^ M. Q ^ # 1 1 3 • ^ %_ ' EJ & $'J % % 



M > .si & fa 
~~ J- % %k ° 



11 3 T -f. £p © T n % % 1 1 8 sa ft. h 

& % ' *T 4f & & # @£ A % it i& # #j ^ .$L * * 



tf 1181 ;r 



& Hi & 1> 



/f l -16 ' a & ^ j& #1 13 T -f £p 



^ T y ^ ^ ^ € 1 1 6 ' ' £ # ^ # % % it 



S it 



,#116' Jl 3t # U 41 in '*? J% 



114 > sx & .¥& ^ & # 1 1 3 T ^ «P % T # ^ ?i B a B ^ M 

114' ft ^ iL ^ # ^ m> 

' tf # as ^ ih 



£1 1 9 ^ f. # - 

H & f ^ & #r ' >CVD 

^ & J| 1 0 3 _L ^ fa - f; A ( £ if ^ ) . #j # ^ 



6^} # B a B ^ ^ 



' it * A, l& ^ ?*• # 1 1 3 _L 4 ^ ( m 51 t S- 

1 1 9 X * ) ° #■ ^ ' # S'J jtb ^ t ># a mp^^f f| 

1 2 0 a ^ 4; - % - % it 4 0 ' a % % j% 1 2 0 ft h % ^ ' 
^ 1^ ^ JL ^ 6(, ffl |g & %\\2' ffnST^p^i^^i #&-^.>f 
112" - # T ^ ' Is] m H *CVD > i^-^>fl03jL^^^,-^ 
t M ( ^ It ^ ) ' #'J # # ^ € a a B & M ' it * 7% 32 it # 
113 > ii H * <H 4* CMP ' 103 _h;F 
^ ^ t 4 a * «1 13 t % T ^ £■ 6<j ^ t ^.122 ' H 



^ 4; - % ■ — 



%. \t 41- a ^ ^ ' # # ffl - -X |L 4b M fc-m ' JX ft % 



^ 51 ^ 14 £»J ^ ib /# ' n . >X itb li I'J jk J§ ft %3 
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iL * (8) • ' ' • 

m. Q * ft % %■ *~ & M &Ah& • 0 ith ' *TjB4b$L'a#-4&ifefl& 

If- 4& f. ^ /fc ^ A if ^ $_ m, ° $r % ' ^ # a ^ # ^ if A ^ T t 

m (buried p 1 a t e ) € S 1r t >f ■ P-1 ^ /fc - *a #J ^1 B B a 

^ # ' ® itb »r i£ — # it m. # ■ < * ffi ft fln if iia m. ^ 

# € ^ ^ "t ^ i ° # ' & £ te, 'It- It £ ' ^ £fc Jfe * 

S£ $ ^ # a £ 6 « & * ^ W # E ^ Ji '- $ * J£ # ffl '« 

m. /t >. # ^ ' & f it % & # ^ ' £ #l # ^ # 0 £ ^ # 

# ^ I & si 1*3 ' # # % # ffl up ' a jfc # w 4l ^ ti i£ i 
t «, ^ wt ^ t tt # >j ft ffi m ft # % ♦ - 




% 1 a I-J 1 h ffl # t 7F i ^ ^ # afl * «fe M % % # t: 

f • -t I il ^ ^ *J S ^ I I ° 

# ^ t?L •■ 

100 - & M ; • 

i o i - % a -ft ^ yf ; 

102 - fL 4b ^ ># ; 

103 - * & £ ; - 
104- 'm m ; ■ 

1 05 - co ; . 

106 - it 5> ; 

108 -10 8' - 108" ~ A & m M '> 

110 - 120 ^ 122- f ,# ; ■ 

1 1 1 - m. ^ s& t % # ; . 

i i 2 - m & M > ■ ' 

1 1 2 ' > 1 1 2 " - H *S $ # ; 

1 1 3 - &l -si & ft ; 

114 - 1 1 4 ' - fa # 6#j & a a a ^ # ; 
1 1 6- 1 1 6" ~ ft f M 5 

1 1 8 - _l -t is ; 

i i9~ & ^ m # t s. v 
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1 . ~~ 3§L fffi. <J£ /-ffl- 'la 
& - & J& t 1$ & 



& t i4 if it- ' & & T ?'J # 



& i£ m n T -f ^ J* - £ - € ■% ' J- ^ f - ^ 



Ji J'i it >4 ^ - *S $L >f ft 



- Ir # $1 ^ & 

f£ & -h & t£ > 

£ t£ # - ^ 

f]' a & ^ 

t ff> & - # m & & ft - ii. ^ ^ t 

# f ^ '14 # fcl t£ & ># a i£ # Jl -f # #J ^ fl| 
^ ffl -ft # - 

H * .$£ ^ i $& & ft % 



f" - * 4 S « HP i£ * #r & yf t£ 1- 



£P ^ £'J t& % ill # # # 



_ »3r ^ 



«■ i> t Jk M, ^ 









4 




m % 






t * 






• 

J 














a 












• 

I 


a 












$L 


— M & 


»>- 


a 
aa 






<35> 






ft 


$j - Jl 









* fr 35 ^ ^ 



2. ^ 1 1 1- *j ji m % i j i m & ^ & 

2r * > £ & ^ £ % ~ % % M ± ft M - % s. % % M A 



- % Eg % % j% tx m m n ^ # ° 

3 . .jtP t tf * $1 M % 2 ^ m it ^ 
^- • ^ t ft g ^ ^ ^ H m * t >t # # # ^ # a a a # >f 0 



^ ^ *j 'ik 

a ^ -O- -C- ^ is. 



4. *r f tf # f'J la 

* ■ » * t n % - % 



5 . -ka f 



3 ^ 



^ 1 ^ fir s&zlM. 

M i% " ll a 9 B ^ ^ 0 



# f 



x is. 



^ ^ ' ^ t t£ * # # ># # - *t # m.ty.ui 



# € S- ^ 
(ASG ) ° 
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6 . & t If * *'J J& HI ^5^^/ti^<m^.?t^tt^^Hit 

^ ik > 4 f iillalfei (VHF ) * M # ^ °. 

# 7. ^ 0 f tf # *<j le, K f 1 m ..m & fa Q M # € %. ±t 

# & > i tn ^ # # #, & © & ^ m ^ ( TEos ) m % & z~ 

% 4b %o ° 

8 . > f tf jf- >J la E |U #f i4 < j& 31! ^ # f S- ^ f. ^ 

^ ^ > : & t ^ & 4 Ji a. £ £ 9 o o °c m i i o o °c ^ §% m ° 

9. in f ff £ |£ gj JjU j£ #f i& 41 fa ^ $ # t % < ^ 

^ ' £ t * IL II 4b ^ a £|s ^ 4* i£ its tf] % m d ° 

i o". *o t tf # #>j % ® % i . m i4 ^ ^ f t s^t ii 

2r , £ t t£ € it- % M & & - % 4b M 0 

12. tf -f- #'J UK ll^^il^Mitf f it 
2r >k ' * t ^ 0 A f£ & M ia M \k. ' 3L&te1tifc-^te 

# H ( GPD ) & m. Or * ' . 

■ 13. - « m. ^ # t & .41 1 it ^ * ' eL # t *j # m • 

- ft # - I ^ ' ^ Jl t I. - * * - M cr 41 ^ ^ ^ ; 

^ n # T ^ ^l 3 4 a - t B B H ^ yf ' J_ II B a a . ^ ^ ^ - 

# m #3 K \b m ft & ffl ■; 

^ si I- ^ I i- ^ HE..* # Jl ^ -ip if it t4 /& - >f a 

III *i a a a ^ M ^ M # # #3 H .'fb ^ ^ J 

f t II f - i 4 ^ '^L#i4lS#lfe60ft^t^>t4l 

llm^ lllffillll™ 
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m t ^ — # # ^ w p h — m ^ k t % & ; 

# # t% 'i± -li i-i t £ >f- «' ^ m * # -t- -f # #J ^ ^ /& - 

iJl 81 *g, it M ; 

.# & HE Jft SI & ^ # & ^- ^ a # * ftfc- M it M 3l 

i% A # & M Tfn . % $ m # & n ^ & ; 

£P ^ # Js'j t£ & ib # # # d a ^ A - fa ^ # ; 

# T ^ >'i >i •£ ^ ^ - & ?i a a a ^ ># 

it - % % it t it * a - % - & m ft & % u ft % - _l 
: 4. t£ % - # sft i a B a ^ >t ji m % & - % - # m &fj & 

JI ^ >f A - # JL # & # H ^ >f « * $ M jfe'M # 0 

14. J(a t If I %% m $13 3g flf-ifc jt-jfc # # f & ■ 4L 1 
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